Objective: This study used functional connectivity analyses to assess interregional brain activity correlations during the recall of traumatic memories in traumatized subjects with and without posttraumatic stress disorder (PTSD).
Method: Both 4-T functional magnetic resonance imaging (fMRI) and functional connectivity analyses were used to assess interregional brain activity correlations during script-driven symptom provocation in traumatized subjects with (N=11) and without (N=13) PTSD. Functional connectivity analyses were carried out by using data for brain regions activated in both the PTSD group and the comparison group. The use of functional connectivity analyses in addition to subtraction analyses allowed assessment of specific brain regions involved in the recall of traumatic events and of the neuronal networks underlying the recall of such events.
Results: Significant between-group differences in functional connectivity were found. Comparison of connectivity maps at coordinates x=2, y=20, z=36 (right anterior cingulate gyrus) for the two groups showed that the subjects without PTSD had greater correlation than the PTSD subjects in the left superior frontal gyrus (Brodmann's area 9), left anterior cingulate gyrus (Brodmann's area 32), left striatum (caudate), left parietal lobe (Brodmann's areas 40 and 43) , and left insula (Brodmann's area 13). In contrast, the PTSD subjects showed greater correlation than the subjects without PTSD in the right posterior cingulate gyrus (Brodmann's area 29) , right caudate, right parietal lobe (Brodmann's areas 7 and 40), and right occipital lobe (Brodmann's area 19) .
Conclusions:
The differences in brain connectivity between PTSD and comparison subjects may account for the nonverbal nature of traumatic memory recall in PTSD subjects, compared to a more verbal pattern of traumatic memory recall in comparison subjects. Pr evious neuroimaging studies of patients with posttraumatic stress disorder (PTSD) have examined specific brain regions involved in the recall of traumatic events and have implicated limbic, paralimbic, and prefrontal structures in the pathophysiology of PTSD (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Paralimbic structures that are thought to underlie PTSD include the anterior cingulate gyrus (Brodmann's areas 24 and 32) and the orbitofrontal cortex. Prefrontal structures implicated in PTSD include the left inferior prefrontal cortex and Broca's area (2) (3) (4) (5) (6) 11) . In support of these findings, our group, by using functional magnetic resonance imaging (fMRI), showed that PTSD patients who had a hyperarousal response to traumatic transcript-driven imagery had significantly less activation in the anterior cingulate gyrus (Brodmann's area 32), medial prefrontal cortex (Brodmann's area 11), and thalamus, as compared to traumatized subjects who never met the criteria for PTSD (7) .
Abnormal connectivity among regions involved in the recall of traumatic material may also be an important mechanism underlying the particular way in which traumatic memories are experienced by PTSD patients. To our knowledge, PTSD neuroimaging studies have not addressed the functional connectivity underlying the recall of traumatic memories. The type of "subtraction analyses" usually used in PTSD neuroimaging studies are able to delineate specific brain regions involved in the recall of traumatic events; functional connectivity analyses, however, enable the assessment of interregional correlations in brain activity. Given the overlapping activation of paralimbic and subcortical structures across different anxiety disorders (8) , such analyses may prove useful in distinguishing the neural networks underlying different anxiety disorders by examining functional connectivity among regions of activation. The purpose of this study was therefore to use functional connectivity analyses to assess interregional brain activity correlations during the recall of traumatic memories in traumatized subjects with and without PTSD. We hypothesized that functional connectivity analyses for the PTSD patients would reveal neuronal networks more consistent with a nonverbal pattern of memory recall and that functional connectivity analyses for the comparison subjects would show neuronal networks more consistent with a verbal pattern of memory recall.
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Method

Subjects
Eleven subjects who had developed PTSD as a result of sexual abuse/assault (N=6) or a motor vehicle accident (N=5) were included in the study. Comparison subjects were 13 subjects who met criterion A for PTSD (as a result of sexual abuse/assault [N=5] or motor vehicle accident [N=8]) but who never developed PTSD. Informed consent was obtained from all subjects. PTSD and comparison subjects were assessed by using the Structured Clinical Interview for DSM-IV and the Clinician-Administered PTSD Scale (PTSD subjects: mean=72, SD=14; comparison subjects: mean=4, SD=3) (12) . Comorbidity in the PTSD group included current major depression (N=4), current dysthymic disorder (N=3), current panic disorder (N=2), lifetime (past) history of drug abuse/dependence (N=2), lifetime (past) history of alcohol abuse/dependence (N=4), and current nicotine abuse (N=5). The comparison subjects were of similar age (PTSD subjects: mean=36 years, SD=12; comparison subjects: mean=34 years, SD=13), sex, and race and were free of any psychiatric illness. All subjects were righthanded. The patients had undergone a supervised drug washout for at least 2 weeks before scanning. Patients with a history of psychosis, bipolar disorder, and substance use disorder in remission for less than 6 months were excluded from the study, as were patients with any significant medical conditions, neurological illness, or a history of head injury. Nine PTSD subjects and nine comparison subjects included in the analyses for the present paper were also included in previously reported analyses (7).
fMRI Procedures
MR imaging studies were performed on a 4-T whole-body Varian/Siemens imaging system (Palo Alto, Calif./Erlangen, Germany) with a 90-cm diameter horizontal bore and a whole-body 68-cm diameter gradient set with a maximum strength of 40 mT/ minute and a slew rate of 120 mT/minute. A whole-head hybrid birdcage radio frequency coil was used for transmission and detection of signals. Before imaging, a global shimming procedure, using first-and second-order shims, was performed to optimize the magnetic field over the imaging volume of interest. The subject's heart rate was monitored by using a fiber-optic pulse oximeter.
The radio frequency coil was placed around the subject's head. Each functional brain volume was acquired by using a navigatorecho-corrected, interleaved multishot (four shots) echo-planar imaging pulse sequence with a 64×64 matrix size and a total volume acquisition time of 5 seconds (TE=15 msec, flip angle=45°, field of view=24.0 cm). The volume acquired consisted of 12 transverse slices, each of which was 6 mm thick (voxel size= 1.87×1.87×6 mm). Extreme dorsal and ventral territories of the brain were excluded.
Script-Driven Imagery
The script-driven imagery procedure was adapted to fMRI according to previously published methods (7, 13, 14) .
Scanning of traumatic and neutral imagery conditions was repeated three times. Each scan proceeded as follows: Each subject was instructed to lie still and allow himself/herself to begin focusing on the script of a traumatic or neutral event that he/she had experienced as soon as the script was read. Reading of the script lasted 30 seconds. As soon as the subject heard the script, he/she was encouraged to remember olfactory, auditory, somatosensory, and visual sensations that were associated with the traumatic event for 60 seconds. Measurements of heart rate occurred during this time. A total of 120 seconds were allowed to pass until the script was repeated. During this time, the subject was asked to lie still, breathe through his/her nose, and let go of the traumatic event. Baseline brain activation was calculated on the basis of the average activation patterns 60 seconds before each recollection of the traumatic event. Brain activation during recall of the traumatic event was calculated on the basis of the average activation patterns during the final 30 seconds of recall of the traumatic event.
Subjects' responses to the traumatic script-driven imagery were assessed by using a scale developed by Hopper (unpublished 1998 manuscript of J.W. Hopper). This scale assesses PTSD symptom responses and dissociative and emotional responses during the recall of traumatic and neutral scripts.
Autonomic responsivity to script-driven memories was assessed by averaging the change in heart rate from baseline across the three provocations, and t tests were used to compare the responsivity of PTSD patients with that of the comparison subjects.
SPM Analysis
Subtraction analyses (fixed-effects model). These statistical analyses employed voxel-wise general linear models (15) with design matrices comprising epoch-related regressors. Regional activations attributable to traumatic memory recall for each subject group (PTSD patients and comparison subjects) and between groups were ascertained by using basic subtraction analyses. Linear contrasts were utilized to test within-and between-group hypotheses about significant differences in location and intensity of blood-oxygen-level-dependent (BOLD) response during the script-driven imagery task, relative to BOLD response measured during baseline. These linear contrasts yield statistical parametric maps of the t statistic, SPM(t). The within-group SPM(t) maps were thresholded at p<0.001, corrected for multiple comparisons at the voxel-cluster level of analysis (cluster size=approximately ≥10 voxels), and the between-group SPM(t) maps were thresholded at p<0.05, corrected for multiple comparisons, cluster-wise (voxel number=approximately ≥10). Since, to our knowledge, this study is the first to use psychophysiological interaction analyses in PTSD, we wanted to balance our conservative type I error protection against false negative results. Therefore, the SPM(t) maps were corrected for multiple comparisons and thresholded at p<0.05 in the psychophysiological interaction analyses; the subtraction analyses were thresholded at p<0.001. In doing so, we invoked considerable type I error protection in the (preliminary) subtraction analysis and more than the usual protection against false positive results in the psychophysiological interactions analysis. Throughout, our multiple-comparison correction alpha always remained at or below conventional p values.
The differences in heart rate were not included in the fMRI analyses since previous studies have shown that changes in heart rate do not have a significant effect on global blood flow (16, 17) .
Functional connectivity analyses. Functional connectivity analyses are able to detect regions whose BOLD response activity covaries with the activity of a selected reference voxel in a brain region of interest. Regions that exhibit significant covariance with the activity of the reference voxel over the time course of the task being studied, but not during the baseline condition scans, are inferred to be functionally connected to the region represented by the reference voxel (18) . The approach of choosing a seed voxel and correlating the time series of the seed voxel (or cluster of seed voxels) is one of many approaches used to determine functional connectivity. These approaches range from nondirectional multivariate analyses (e.g., principal-component analysis and certain versions of canonical correlation [19] ) to path analytic approaches (20) . Like path analysis, the present method is region selective; however, like exploratory methods, it is mute in reference to the predominant direction of interregion activation.
To determine which voxel's time series data would be used in the psychophysiological interaction analyses, we conducted a large subtraction analysis in which all subjects' data were analyzed together to determine areas of commonly significant BOLD
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http://ajp.psychiatryonline.org response elicited by performance of the script-driven imagery task relative to the baseline BOLD response. The subtraction analysis in which all subjects' baseline scans were averaged and subtracted from all subjects' averaged activation scans yielded maximally activated voxels in the right anterior cingulate at coordinates x=2, y=20, z=36; the left middle frontal at coordinates x=-28; y=48, z=-8; and the left posterior cingulate gyrus at coordinates x=-1, y=-20, z=42 (SPM[t], p<0.0001, corrected for multiple comparisons; coordinates in standardized stereotaxic space of Talairach and Tournoux [21] ). For each subject, BOLD response time series values were extracted from these voxels. After data extraction, each subject's vector of voxel activity values was normed, yielding 24 vectors whose elements had a mean of zero and a standard deviation of 1. Each normed vector was multiplied in a point-wise fashion by the hemodynamically convolved boxcar-shaped vector that was originally used in the subtraction analysis to estimate the effects attributable to the traumatic script-driven imagery transaction. Through this procedure, the measurement period that is registered is temporally offset to accommodate the hemodynamically induced lag in the BOLD response expression of target activation. One hemodynamically convolved boxcar-shaped vector was produced per subject. These vectors were entered into one of two group SPM analyses as covariates of interest to produce statistical parametric maps of the functional connectivity for the right anterior cingulate gyrus, left posterior cingulate gyrus, and left middle frontal gyrus for the traumatized subjects with and without PTSD. For each subject group, linear contrasts were utilized to display the location and extent of the brain regions whose activity demonstrated a significant psychophysiological interaction with the right anterior cingulate gyrus, left posterior cingulate gyrus, or left middle frontal gyrus in the form of SPM(t) maps (corrected for multiple comparisons, thresholded at p<0.05).
Results
All PTSD patients experienced the traumatic memories in the form of flashbacks. They reported feeling like "I was back at the scene of the accident" or "It felt like I was back in the past." All comparison subjects recalled the traumatic event as an ordinary autobiographical memory.
The PTSD patients showed a significantly greater increase from baseline in heart rate during the script-driven imagery condition, relative to the comparison subjects (increase in PTSD group: mean=13.51 bpm, SD=6.96; increase in comparison group: mean=1.08 bpm, SD=3.62) (t=-5.34, df=14.4, p<0.00001, one-tailed).
Brain Activation During Script-Driven Imagery
Subtraction analyses. Table 1 shows regions of activation during traumatic memory recall in the comparison (N=13) and PTSD groups (N=11). Both groups showed activation in the middle frontal gyrus and various regions of the cingulate gyrus. The time courses of activation showed that brain activation returned to baseline during rest periods in all brain areas studied for both the PTSD group and the comparison group. These time courses indicated that 60 seconds was enough time for subjects to recover from the traumatic script-driven remembrances. Baseline brain activation did not differ significantly between the PTSD patients and the comparison subjects (data not shown).
Recalling a neutral memory resulted in the activation of the right anterior cingulate gyrus (Brodmann's area 32), right middle and inferior frontal gyri (Brodmann's area 10), left parietal lobe (Brodmann's areas 7 and 40), and occipital lobe (Brodmann's area 18) in both the PTSD patients and the comparison subjects. Compared with the PTSD subjects, the comparison subjects showed significantly (p<0.001) more activation in only one cluster (parietal lobe [Brodmann's area 7]) during recall of a neutral memory. Relative to the comparison subjects, the PTSD subjects showed significantly (p<0.001) more activation in the superior frontal gyrus (Brodmann's area 10) and thalamus during recall of a neutral memory (data not shown).
Functional connectivity analyses.
Comparison of the two study groups' SPM(t) maps examining the psychophysiological interaction between activity in the right anterior cingulate cortex (coordinates x=2, y=20, z=36) and traumatic script-driven imagery (Table 2) showed that the comparison subjects had more significant correlation than the PTSD subjects in the left superior frontal gyrus (Brodmann's area 9), left anterior cingulate gyrus (Brodmann's area 32), left striatum (caudate), left parietal lobe (Brodmann's areas 40 and 43), and left insula (Brodmann's area 13) (Figure 1 ). In contrast, the PTSD subjects had more significant correlation than the comparison subjects in the right posterior cingulate gyrus (Brodmann's area 29), right caudate, right parietal lobe (Brodmann's areas 7 and 40), right occipital lobe (Brodmann's area 19), right inferior frontal gyrus (Brodmann's area 9), right middle temporal gyrus (Brodmann's areas 19 and 20) , left insula (Brodmann's areas 13 and 47), and left thalamus (Figure 2) .
Functional connectivity analyses were attempted with common regions of activation other than the right anterior cingulate cortex (Brodmann's area 32), namely the left middle frontal gyrus (coordinates x=-28, y=48, z=-8) and the left posterior cingulate gyrus (coordinates x=-1, y=-20, z=42). Comparison of the two study groups' SPM(t) maps examining psychophysiological interactions between the activity in the left middle frontal gyrus (coordinates x=-28, y=48, z=-8) and traumatic script-driven imagery showed that the PTSD subjects had greater correlations than the comparison subjects in the right middle frontal gyrus (coordinates x=44, y=16, z=34) (p<0.0001, t=6.67, df=1680).
Comparison of the two study groups' SPM(t) maps examining psychophysiological interactions between activity in the left posterior cingulate gyrus (coordinates x=-1, y=-20, z=42) activity and traumatic script-driven imagery showed that the comparison subjects had greater correlation than the PTSD subjects in the left insula (coordinates x=-34, y=22, z=10) (t=8.86, df=1680, p<0.0001), left thalamus (coordinates x=-6,y=-22, z=4) (t=8.58, df=1680, p<0.0001), left medial frontal gyrus (coordinates x=-12, y= 62, z=-6; x=-6, y=60, z=22; and x=-8, y=46, z=4) (t=8.03, df= 1680, p<0.0001), right medial frontal gyrus (coordinates x= 4, y=42, z=28) (t=7.57, df=1680, p<0.0001), and right cingulate gyrus (coordinates x=6, y=16, z=26; x=6, y=-2, z=32) (t= 7.51, df=1680, p<0.0001). In contrast, the PTSD subjects had greater correlation than the comparison subjects in the left insula (coordinates x=-42, y=14, z=0) (t=8.89, df= 1680, p<0.0001), left precuneus (coordinates x=-12, y=-56, z=50) (t=8.13, df=1680, p<0.0001), right anterior cingulate gyrus (coordinates x=4, y=16, z=-6) (t=7.83, df=1680, p<0.0001), and right subcallosal gyrus (coordinates x=14, y=16, z=-10; x=10, y=2, z=-12) (t=6.86, df=1680, p<0.0001).
Discussion
The comparison of functional connectivity maps showed distinctly different connectivity patterns in the PTSD subjects and in the comparison subjects. The most striking findings arose from the connectivity analyses originating from activation in the cognitive division of the right anterior cingulate gyrus (Brodmann's area 32) (coordinates x=2, y=20, z=36). The affective division of the anterior cingulate gyrus has been shown to be involved during the recall of traumatic material in PTSD (2-4, 7), and reciprocal connections between the cognitive and affective divisions of the anterior cingulate gyrus have been described (22) . In addition, the affective division of the anterior cingulate gyrus plays a role in the conscious experience of emotion and in linking autonomic changes to emotional stimuli (22, 23) . PTSD subjects did not show similar patterns of alterations in brain activation during recall of a neutral autobiographical memory. It is therefore unlikely that the between-group differences observed in .0001 a Areas of increased activation during the final 30 seconds of a 60-second period of recalling a traumatic event, relative to baseline activation 60 seconds before recollection of the traumatic event. b For analyses of effects in subjects without PTSD, df=1071; for analyses of effects in subjects with PTSD, df=906.
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The differences in functional connectivity patterns observed between the PTSD subjects and the comparison subjects may be related to variations in episodic memory retrieval. All PTSD patients experienced the traumatic memories in the form of flashbacks, whereas the comparison subjects recalled the traumatic events as ordinary autobiographical memories.
Reexperiencing of traumatic events in the form of flashbacks is very different from the recall of events as ordinary autobiographical memories (24, 25) . Flashbacks often occur spontaneously and are triggered by internal or external events, and their occurrence usually cannot be controlled. Flashbacks also involve a subjective distortion in time. They are much more vivid in nature and are often experienced as though the event were happening again in the present. Flashbacks have also been shown to be experienced as fragments of the sensory components of the event, such as visual images or olfactory, auditory, or kinesthetic sensations (25) . They have also been reported to be unchanging over time (26) , compared with ordinary memories, which are altered by repeated recall (27) . Overall, flashbacks are therefore highly perceptual memories that are primarily image-based. In contrast, in ordinary autobiographical memory, the sensory elements of the experience are automatically integrated into a personal narrative (26) .
It is interesting to note that the functional connectivity analyses for the comparison subjects showed areas of brain activation that are consistent with verbal episodic memory retrieval. Comparison of the functional connectivity maps of the PTSD subjects and the comparison subjects showed that the comparison subjects had greater levels of brain activation in the left superior frontal gyrus (Brodmann's area 9), left anterior cingulate gyrus (Brodmann's area 32), left striatum (caudate), left parietal lobe (Brodmann's areas 40 and 43) , and left insula (Brodmann's area 13). Prefrontal activations during episodic memory retrieval have sometimes been shown to be bilateral, but overall to have a clear tendency for right lateralization (28) . Anterior cingulate activation during memory recall has been hypothesized to be related to language processes, since activation of this area is more frequent for verbal than nonverbal materials.
The functional connectivity analyses for PTSD patients revealed a much more nonverbal pattern of memory retrieval. Comparison of the functional connectivity maps of the PTSD subjects and the comparison subjects showed that the PTSD subjects had greater levels of brain activation in the right posterior cingulate gyrus (Brodmann's area 29), right caudate, right parietal lobe (Brodmann's areas 7 and 40), and right occipital lobe (Brodmann's area 19). For nonverbal episodic retrieval, occipital, right parietal, and posterior cingulate activations have been shown to predominate (28, 29) . Moreover, the posterior cingulate gyrus has recently been shown to mediate interactions of showing the psychophysiological interaction between activity in the right anterior cingulate cortex (Talairach coordinates x=2, y=20, z=36) and activity in other brain regions during recall of a traumatic event for the subjects without PTSD with the corresponding SPM(t) map for the subjects with PTSD. b For all comparisons, df=1680.
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Functional neuroimaging techniques (PET and fMRI) have been used to investigate the neuronal circuitry underlying autobiographical memory. In a review of 11 neuroimaging studies of autobiographical memory, Maguire (32) noted that the most consistent result seen is a medial and left-lateralized activation pattern (33, 34) . In one study (35) , however, subjects were instructed to recall particularly affect-laden memories, resulting in a predominantly right hemispheric activation pattern that included the temporal cortex, posterior cingulate, insula, and prefrontal cortex. Our results add an interesting dimension to this literature, as they suggest that the subjects without PTSD do not process their "traumatic" memories as affectladen memories, whereas PTSD subjects show the rightlateralized pattern of activation consistent with the results of Fink et al. (33) .
The functional connectivity analyses also found differences in the brain regions whose activity covaried with that of the left posterior cingulate gyrus. Of particular interest was the finding that activity in the right cingulate gyrus was lower in the PTSD subjects than in the comparison subjects, while activity in the right anterior cingulate gyrus was higher in the PTSD subjects than in the comparison subjects. There are reciprocal connections between the rostral cingulate and both the dorsal anterior and subgenual cingulate gyrus (36) . Mayberg et al. (37, 38) found that pretreatment metabolism in the rostral anterior cingulate gyrus uniquely differentiated treatment responders from nonresponders in a group of patients with unipolar depression. Furthermore, activity in both the left posterior cingulate (Brodmann's area 31) and right dorsal anterior cingulate (Brodmann's area 24b) increased after 6 weeks of treatment with fluoxetine in the treatment responders. In studies of patients with obsessive-compulsive disorder (OCD), Rauch et al. found that high pretreatment activation levels in the posterior cingulate cortex predicted treatment response to fluvoxamine (39) and to anterior cingulotomy (40) . These predictive findings may be relevant to our study for two reasons. First, there is a high degree of comorbidity in patients with PTSD, who often experience depression and/or other anxiety disorders, raising the question of whether similar predictive patterns may be seen in PTSD patients treated with these agents. Second, given these similarities in activation pattern between the anxiety disorders and depression, follow-up studies will be necessary to examine whether consistent differences in activation patterns might serve to differentiate between the two groups of patients.
Functional connectivity analyses also suggested differences in laterality, with PTSD subjects showing a right hemisphere dominance effect. The importance of lateralized responses in PTSD has been previously examined by using EEG and auditory probe evoked potential attenuation. Schiffer et al. (41) , using auditory probe evoked potential attenuation as a measure of hemispheric activity, reported that subjects who had experienced early trauma displayed significant left-dominant asymmetry during neutral memory recall and relative right dominance during traumatic memory recall. In addition, psychological abuse has been shown to be associated with an increased prevalence of left-sided EEG abnormalities and an increased prevalence of right-left hemisphere asymmetries (42) . EEG coherence studies also reported that abused children had greater average left hemisphere coherence than did nonabused children but that the two groups had a comparable degree of right hemisphere coherence. Teicher et al. (43) suggested that these findings may be related to diminished left hemisphere differentiation in the abused group and thus may provide evidence that childhood abuse has a significant effect on cortical development.
Previous neuroimaging studies in PTSD using the scriptdriven imagery symptom provocation paradigm have also suggested lateralized responses. Using traumatic scriptdriven imagery, Rauch et al. (8) found that in the traumatic condition, relative to the neutral condition, regional cere- bral blood flow increases occurred in the right medial orbitofrontal cortex, insula, amygdala, and anterior temporal pole. However, lateralized responses have been reported in other disorders besides PTSD. Pooling data from patients with three different anxiety disorders, including OCD, simple phobia, and PTSD in a study that used symptom provocation paradigms, Rauch et al. (44) found that the right inferior and medial orbital prefrontal cortex as well as the bilateral insular cortex, lenticulate nuclei, and brainstem foci were consistently activated across the three different groups. These provocation studies indicate the consistent involvement of both paralimbic and subcortical regions in the mediation of acute anxiety, independent of stimulus type and patient group. These results illustrate that the specific mechanisms underlying the different anxiety disorders remain unclear and that studies are needed to address functional connectivity/neuronal networks rather than solely examining specific brain regions involved in the acute anxiety experience. The importance of examining neuronal networks in addition to regionally specific changes has also recently been described by Shaw et al. (45) , who used covariance-based multivariate analysis to investigate distributed brain systems in PTSD patients and matched comparison subjects during performance of a working memory task. However, it is not possible to directly compare our findings to those of Shaw et al. because of the different nature of the memory systems (autobiographical memory versus working memory) investigated in the two studies.
The present study had several limitations that must be considered in interpreting the findings. The relatively small number of study participants (N=11 in the PTSD group and N=13 in the comparison group) was not large enough for a random-effects analysis, which would have allowed the extrapolation of the results from this study to a larger population. Studies using a larger number of subjects are currently in progress. In addition, the comorbidity profile of the PTSD subjects may be a confounding factor in the study. Some PTSD subjects included in the present study had significant comorbidity, including dysthymic disorder, panic disorder, lifetime history of polysubstance dependence, and major depressive disorder. Furthermore, the current study included subjects who had experienced a mixture of traumata (sexual/physical abuse and motor vehicle accidents). Future studies will need to address possible pretrauma differences in imagery and verbal thinking habits between PTSD subjects and comparison subjects.
In summary, the present functional connectivity findings illustrate significant differences in brain connectivity between PTSD and comparison subjects during the recall of traumatic events. These variations may account for the differences in the nature (i.e., nonverbal versus verbal) of traumatic memory recall between PTSD subjects and comparison subjects. Moreover, the connectivity analyses used in this study may also allow a better understanding of the functional connectivity underlying various anxiety disorders and depression. Many of the same patterns of activation are seen in paralimbic and subcortical structures in both types of disorders, and there is a high degree of comorbidity between the two types. Functional connectivity analyses may help to elucidate the differences in the dynamic neuronal networks involved in these disorders.
